Purpose: To report our experience of percutaneous nephrolithotomy (PCNL) in patients who were treated previously with open stone surgery. Patients and Methods: Sixty-six patients with a history of open stone surgery (group 1) were compared with 90 patients without previous surgical intervention (group 2). Both groups were almost similar in demographic profile (age, sex, laterality, stone burden and success rate, body mass index, and location of stones. Patients who had tubeless or bilateral PCNL were excluded from the study. Antibiotics were administered prophylactically to all the patients. Patients with positive urine culture were treated with appropriate antibiotics, and sterile urine was ensured before surgery. Normal saline was used as irrigation fluid. Statistical analysis was performed using the chi-square test for qualitative variables and the Student t test for quantitative variables. A P value <0.05 was considered significant. Results: Mean time interval between previous open surgery to PCNL in group 1 was 7.6 (range 1-18) years. Mean operative time was longer in group 1 (88.4 min vs 80.2 min), but it was not statistically significant. Average drop in hemoglobin level was comparable in both groups (2.3 vs 2.1 g=dL). A significant number of patients in group 1 needed a metallic dilator for tract dilation. Hospital stay and postoperative analgesic requirement were similar in both groups. Postoperative and intraoperative complications were also similar in both groups.
Introduction

T
here have been dramatic changes in management of urinary stones in the last two decades. Open stone surgery, once a prevalent modality of management for renal stones, has largely been replaced by percutaneous nephrolithotomy (PCNL), a minimally invasive procedure. PCNL was first performed in 1976 by Fernstrom and Johansson. 1 Since then, the procedure has been refined because of advances in technique and instruments.
Today, PCNL has become the gold standard for managing large renal stones. PCNL is preferred over open stone surgery because there is less morbidity and better postoperative comfort, and it is more cost-effective. 2 Stone recurrence is common and has been reported as up to 50% in 5 to 7 years. 3 Thus, many patients from the era of open stone surgery are now presenting with recurrent stones.
Previous open stone surgery may pose many challenges for subsequent PCNL, such as long operative time, high complication rate, and lower success rate. 4 All these challenges are because of retroperitoneal scar and the distorted anatomy of the pelvicaliceal system. Here, we report our experience of PCNL in patients who were treated previously with open stone surgery.
Patients and Methods
Sixty-six patients with a history of open stone surgery (22 pyelolithotomy, 16 extended pyelolithotomy, 4 nephrolithotomy, and 19, a combination of pyelolithotomy=extended pyelolithotomy and nephrolithtomy; 5 patients had previous ureterolithotomy) and who were offered PCNL between January 2005 to June 2007 were included in the study and labeled as group 1. Niney patients who had undergone standard PCNL (without previous open stone surgery) in the same period were the controls (group 2).
The details of the patients were recorded retrospectively from the case sheets. The demographic profile of cases and controls was well matched (Table 1) . Patients who had bilateral PCNL were excluded from the study.
Preoperatively, patients were evaluated by urine routine microscopic evaluation, urine culture and sensitivity testing, renal function tests, and metabolic evaluation, ultrasonography, plain radiography of the kidneys, ureters, and bladder (KUB) and intravenous urography. Patients were assessed by ultrasonography and plain radiography of the KUB on postoperative day 1 for perinephric collection and stone clearance status.
Antibiotics were administered prophylactically to all the patients. Patients with positive urine cultures were treated with appropriate antibiotics, and sterile urine was ensured before surgery.
The procedure was performed under general anesthesia. A 6F ureteral access catheter was placed in the ipsilataral pelvicaliceal system (PCS) beyond the stone with the patient in the lithotomy position. A Foley catheter was then placed and fixed to the ureteral access catheter with silk. The patient was turned to the prone position with all the pressure points well padded. The PCS was opacified by retrograde instillation of dye.
A percutaneous approach to the stone was achieved by a transpapillary puncture under fluoroscopic guidance in the superior, middle or lower calyx. A small incision was made at the selected puncture site. Once the needle was in the calyx, clear urine could be aspirated, which was sent for culture and sensitivity testing. In those cases in which the PCS was completely filled with the stone, the position of the needle was confirmed by injecting a small amount of dye. Once the correct position of the needle was confirmed, a straight tip 0.038 inch Terumo (Terumo Co, Tokyo, Japan) guidewire was passed into the PCS, and the tract was dilated over this guidewire up to 30F by telescoping metal dilators or polytetrafluoroethylene dilators (Microvasive, Boston Scientific, Natick, MA).
A 30F Amplatz sheath was secured in the tract. A ureteral access catheter was located in the PCS and pulled up with forceps, taking care that the distal end did not slip in the urethra. A through-and-through guidewire was established by passing a separate guidewire through the ureteral access catheter with its stiff end and retrieving it under vision with the help of a nephroscope.
The stone was fragmented by Swiss lithoclast or ultrasonic lithotriptor and removed by forceps or suction. In patients with staghorn calculi, fragmentation was started at the peripheral part of the stone to clear the passage of calices. Stone blocking the ureteropelvic junction was broken last to prevent fragments passing into the ureter.
After completion of the procedure, the ureteral access catheter was removed in those (54 in group 1 and 19 in group 2) who needed a Double-J stent. The through-andthrough guidewire was pulled up under fluoroscopic guidance until the lower floppy end reached a level just above the pubic symphysis and was then pushed down to coil the floppy end in the bladder. With the help of a pusher, the Double-J stent was slided over the secured guidewire, visualizing the lower end with fluoroscopy and the upper end through a nephroscope; when the lower end of the stent started to coil in the bladder and the upper end was seen to lie in the pelvis, the guidewire was pulled from above. The position was confirmed again with fluoroscopy. Finally, a 20=24F nephrostomy tube was inserted and secured to the skin. Normal saline was used as an irrigation fluid.
The indications to offering tubeless PCNL to patients were: (1) patients who need fewer than two percutaneous tracts; (2) no significant intraoperative bleeding; (3) no intraoperative perforation of the PCS; (4) minimal or no manipulation at the ureteropelvic junction; and (5) no residual stone intraoperatively Statistical analysis was performed by SPSS V.11 software, using the chi-square test for qualitative variables and the Student t test for quantitative variables. A P value <0.05 was considered significant.
Results
Both groups were comparable in age, sex, side, stone size, and location. The mean time interval of PCNL since the open surgery in group 1 was 7.6 (1-18) years. The mean operative time was longer in group 1 (88.4 min vs 80.2 min), but it was not statistically significant. The average drop in hemoglobin level was comparable in both groups (2.3 vs 2.1 g=dL). A significant number of patients in group 1 needed a metallic dilator for tract dilation. Hospital stay and postoperative analgesic requirement were similar in both groups. The complication rate was also similar in both groups.
Detailed results are seen in Table 2 . Stone clearance after a single attempt occurred in 54 (81.8%) in group 1 and 83 914 GUPTA ET AL.
(92.2%) in group 2. After relook PCNL, stones were cleared in all but four patients in each group. All the residual calculi were <5 mm. All eight patients with residual stones were followed. In three of these patients, the stone size increased to 1 cm, and all were managed with shockwave lithotripsy. The remaining five patients are still being followed. The stone composition was mixed (90% calcium oxalate and 10% calcium oxalate dehydrate) in 53 (80.3%) patients, struvite in 8 (12.1%) patients, and uric acid in 5 (7.6) patients in group 1, and 73 (81.1%) had mixed, 10 (11.1%) had struvite, and 7 (7.8%) patients had uric acid stone in group 2.
Discussion
In the present study, the previous open stone surgery for renal stones did not alter the outcome of PCNL. This is in contrast to the few reported studies that claimed higher failure rates of PCNL in patients with a history of nephrolithomy. 5, 6 Segura and associates 7 reported that the success rate with PCNL is equivalent to open surgery, but it has significantly less morbidity compared with open stone surgery.
In spite of the presence of retroperitoneal scar from previous surgery, puncture of the PCS and placement of the guidewire are not difficult, but dilatation of the tract is difficult in the majority of patients because of perirenal fibrosis. If caliceal scarring is present, then stone clearance is compromised. Both telescoping metallic and Amplatz dilators have been recommended for such a condition. In our department, we prefer metallic dilators for such a condition, because their use is fast and reduces the operative time, whereas Amplatz dilators tend to buckle from excessive retroperitoneal scaring. The biggest disadvantage of the metallic dilator is the high incidence of perforation of the renal pelvis; in experienced hands, however, this is rare. 8 Amjadi and colleagues 9 recently compared use of a conventional telescopic dilator with single shot dilation and found that the latter is as effective as the former except that there is reduced radiation exposure with use of the latter.
Shah and coworkers 10 recently reported that tubeless PCNL can be performed in patients with previous open surgery with equal efficacy. In the present series, 12 (18.2%) patients from group 1 and 19 (21.1%) patients from group 2 underwent tubeless PCNL with similar outcomes.
There are few reported studies in the English literature concerning this issue. [11] [12] [13] [14] Margel and associates 11 compared the results of PCNL in 21 patients with a history of open stone surgery with 146 patients without such a history. In their study, the operative time was significantly more in patients with previous open surgery. The number of attempts to gain access in the PCS was significantly more in patients with previous open stone surgery, so the authors recommend choosing upper-pole caliceal puncture to avoid the scar tissue coming in the way of the puncture needle, because most of the scarring from previous surgery is present in the subcostal region. In our opinion, choosing the upper-pole calix for puncture should not be guided entirely by the presence or absence of scar, because it has significant morbidity.
The reported success rate (95%) in their series was similar in both groups; however, the authors did not mention the number of relook procedures necessary to achieve the above mentioned success rate in each group. In our series, however, the success rate was 81.8% and 92.2% after initial PCNL in group 1 and group 2, respectively, which increased to 94% and 95.6% after relook PCNL in group 1 and group 2, respectively. Seven patients in the present series had excess bleeding and needed blood transfusion. All of these had complete staghorn stones, and more than one puncture was necessary.
Basiri and colleagues 12 compared the success rate of fresh PCNL (177 patients) with PCNL with previous open surgery (65 patients). They found that the success rate was similar in both groups. In their series, the patient profiles of both groups 
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were not matched properly, especially the stone burden, which was much less in patients with a history of open stone surgery. In our series, profiles of both groups were matched carefully; therefore, the present series gives more objective results. Sofikerim and coworkers 13 compared the outcome of PCNL in 27 patients with previous open stone surgery (group 1) and 62 patients without open stone surgery (group 2). In their study, no difference was found in stone-free status and complication rate in both groups (81.5% and 79%, respectively). Both groups were similar with regard to operative time (70.2 min vs 66 min), hospital stay (3.7 days vs 3.3 days), blood transfusion rate (3.7% vs 8.1%), complication rate, and analgesic requirement (236.2 mg vs 216.8 mg of diclophenac sodium. The present study also shows similar outcomes in both groups ( Table 2) .
Tugcu and colleagues 14 compared the outcome of PCNL in patients with previous open stone surgery (n ¼ 55) with patients without previous open stone surgery. The stone-free rate in their series for both groups 1 and 2 was similar to that of the present study (94% and 92% vs 94% and 95.6%); however, no significant difference was found in requirement of relook PCNL (11% and 10% for groups 1 and 2) in their series compared with ours, in which patients with previous open surgery needed relook PCNL much more frequently (18.2% vs 7.8%). Their mean operative time was significantly more compared with that of the present series (155 and 137 min in groups 1 and 2 vs 88.4 and 80.2 min).
Lojanapiwat 15 recently reported the world's largest series of outcomes of PCNL with and without previous open surgery. His series included 175 patients with previous open stone surgery (group 1) and 175 patients without previous open stone surgery (group 2). He reported a stone-free rate of 80.3% and 82.6% in groups 1 and 2, respectively, which was less than that in the present series (94% in group 1 and 95.6% in group 2). Our mean operative time was longer (88.4 and 80.2 min in group 1 and group 2 vs 70.63 and 67.27 min), but the mean hospital stay in the present series was less compared with theirs (2.8 and 2.4 days in group 1 and 2 vs 4.31 and 4.25 days). The complication rates in both series were comparable.
Conclusion
Our study shows that PCNL in patients with previous open stone surgery can be performed as comfortably as in patients without any previous intervention. The previous open stone surgery does not alter the outcome of PCNL significantly, except for complete stone clearance; these patients need relook PCNL more frequently than patients without previous open stone surgery.
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